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(54) Method for tracking entering object and apparatus for traddng and monitoring entering 
object 



(57) A system for processing a tracking picture of an 
intruding object includes a TV camera (2) provided with 
an imaging lens (1) of a wide field of view for outputting 
a video signal used for detecting the intruding object, a 
TV camera (17) provided with a zoom lens (16) for out- 
putting a video signal used for monitoring a magnified 
tracking picture of the intruding object, the TV camera 
mounted on an electric pan head (18). a picture 
processing device (3) for processing and operating the 
video signal inputted from the TV camera provided with 
the imaging lens of the wide field of view and outputting 
a rotation control signal for rotating the electric pan 
head by a necessary amount of angle and a zooming 
control signal for zooming the zoom lens by a necessary 
amount. The system images the object intruding into a 
given monitoring area while automatically tracking it 
with the zoom lens. Further, the method executed in the 
system includes step (101 . 102. 103) of detecting a dif- 
ference between the video signal inputted from the TV 
camera and a reference background video signal, step 
(104. 105) of classifying a change of a detecting state 
from the change of the numbers of objects detected in 
the continuous input video signal, step (106) of creating 
and saving as connecting information a location of 
detected object at each time, area of a region occupied 
by the detected object, a pixel pattern of the detected 
object from the change of the detection state, and step 



(107. 1 10 to 1 16) of connecting the detection location of 
the object detected as a split state and a trace of objects 
detected as a connected state. 



EP 0 878 965 A2 



FIG. 1 



3^ 
PICTURE 
PROCESSING 
DEVICE 



rr 



1^ 



17 



IMTER-PICTURE 
OPERATION RESULT 
PICTURE MEMORY 



PICTURE 
MEMORY 5 








5? 


PICTURE 
INPUT VF 


^4 


IPUT PICTURE 
MEMORY 



I 



—8 



^1 

E 



mO 

EE 
5g 



11 



'56 BINARY- COOED 
PICTURE MEMORY 

6 7 



CPU 



'10 



11 



13 



0 0 



14 



15 



19' 



O 0 



18- 



EP0 878 965 A2 



Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a monitoring apparatus provided with a TV camera and more particularly to a 
method for tracking an object and an apparatus for tracking and monitoring an object which are both arranged to auto- 
matically detect one or more objects entering or intruding in a field of view of a TV camera from a video signal sent from 
the TV camera and to track movement of the detected object(s) or magnify the object(s) on a TV monitor. 

A manually operated picture monitoring apparatus arranged to use a TV camera has been prevailing in the past In 

10 recent years, however, in place of monitoring the object on the monitor by a person, the type of monitoring system has 
been demanded which automatically detects a moving object such as a person or a vehicle entering a monitoring field 
of view from a video signal and display the object in magnified representation or give a certain notice or an alarm. 

To detect a moving object or an entering object, a conventional system has been arranged to compare an input 
video signal obtained from the TV camera and a reference background video signal, that is. a video signal that does not 

IS contain an object to be detected, derive a difference of a brightness value at each pixel between both of the video sig- 
nals, and detect an area with a large difference as em object. This system is called the difference method, which has 
been widely used. The application of this system is described in U.S. Patent Application No. 08/646,018 filed on May 7, 
1996 (con^esponding to the European Application No. 963033030 filed on May 13, 1996). Another application of the 
tracking system with the difference method is discussed in the thesis entitled "A procedure for the Analysis of Skiers' 

20 Movement with image Processing Techniques", Vol. 43, No. 12, pp. 1370 to 1374 of "Proceedings of TV Society" issued 
on December, 1989. 

SUMMARY OF THE INVENTION 

25 One of plausible methods arranged to automatically detect an entering object from a video signal obtained from a 
TV camera, track the entering object and magnify It on a video monitor screen for the purpose of facilitating the monitor 
of the entering object is to detect the entering object by successively switching the vkieo signals outputted from a plu- 
rality of TV cameras. However, this method disadvantageously involves many TV cameras and a video signal switcher 
and a controller therefor so that this method makes the overall system larger in scale. 

30 For decreasing the necessary number of TV cameras for the purpose of reducing the system scale, the system is 
required to widen a field of view of an imaging lens provided in each TV camera. This system however makes the enter- 
ing object appear on the monitor in a small size. For example, if the entering object is a person, this system may have 
difficulty in discriminating the lineaments of the entering person. 

Further, when an object having a luminance value close to the background picture is to be detected by the differ- 

35 ence method, a part of the object may be lost undetected or the object may be split into a plurality of pieces, resulting 
in detecting the object as a plurality of objects. If one object within a field of view is detected as a plurality of objects, 
therefore, the method for tracking an object using the difference method may determine that the same number of 
objects as the detected member of the objects exist and track the plurality of the objects though in actuality just one 
object exists within the field of view. Further, the tracking method using the difference method detects objects that are 

40 seemingly connected together and looks as one object as one object. In a case that, therefore, a plurality of objects 
exist within the field of view, if these objects are connected together at a certain point in time, this type of method deter- 
mines that there exists only one object at the time and hence track them as one object though in actuality two or more 
objects exist within the field of view. Moreover, since the tracking method using the difference method involves no com- 
parison of shapes of a picture nor no comparison of picture patterns, if two or more objects are located within the field 

45 of view, this method can not reliably guarantee that the same object is being tracked. 

It is an object of the present invention to provide a picture processing system for tracking an entering object by auto- 
matically detecting the entering object and magnifying the detected entering object, for allowing an observer to more 
easily make sure of the entering object on a video monitor screen. 

In carrying out the object, a picture processing system for tracking an entering object according to an aspect of the 

so invention includes a camera or a TV camera with an imaging lens of a wide field for outputting a video signal used for 
detecting the entering object, another camera or TV camera with a zoom lens for outputting a video signal used for mon- 
itoring the picture as tracking the entering object, the camera being mounted on an electric pan and tilt head or pan 
head, and a picture processing device for processing and operating a video signal inputted from the camera provided 
with the lens of the wide field and outputting a rotation control signal for rotating the electric pan and tilt head by a nec- 

55 essary amount of angle, wherein the object entering the predetermined monitoring area is automatically tracked and 
picked up. Here, the camera or TV camera provided with the imaging lens of a wide field is a camera or a TV camera 
which is capable of Imaging the whole of the picture within the object tracking and monitoring area. The whole of the 
object tracking/monitoring area is refen^ed to as the wide field or field of view. 
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A system for processing a tracking picture of an entering object according to another aspect of the invention 
includes a camera or a TV camera with a lens of a wide field for outputting a video signal used for detecting the entering 
object another camera or TV camera with a zoom lens for outputting a video signal used for monitoring a magnified 
picture as tracking the entering object, the camera being mounted on an electric pan and tilt head, a picture processing 

5 device for processing and operating the video signal sent from the camera with the lens of the wide field and outputting 
a rotation control signal for rotating the electric pan and tilt head by a necessary amount of angle and a zooming control 
signal for zooming the zoom lens by a necessary amount, wherein the object entering the predetermined monitoring 
area is automatically tracked and picked up. 

Preferably, the picture processing device in the system includes a picture memory for storing a video signal sent 

10 from the camera with the lens of the wide field and a processed signal of the video signal, a CPU (central processing 
unit) for carrying out processing, operation, control and management performed in the picture processing device, a pro- 
gram memory for storing a program for operating the CPU, a working memory for storing data for analyzing data 
obtained by processing a locational coordinate and a movement history of the detected entering object, and a pan and 
tilt head control unit for outputting the rotation control signal for rotating the electric pan and tilt head by a necessary 

15 amount of angle and the zooming control signal for zooming the zoom lens by a necessary amount based on the oper- 
ated data. 

Preferably, the picture memory provided in the picture processing device includes an input picture memory for stor- 
ing an inputted video signal, a background picture memory for storing a background video signal used for detecting the 
entering object, two working memories for storing the background video signal and the input video signal for use in car- 
20 rying out an operation of detecting a difference between the pictures, a picture memory for storing an inter-picture oper- 
ation result obtained by detecting and operating a difference between the background picture and the input picture, and 
a binary-coded picture memory for storing a binary-coded video signal obtained by operating the detected picture dif- 
ference. 

A system for processing a tracking picture of an entering object according to an embodiment of the invention is 

25 arranged to process picture information inputted from a camera or a TV camera having a lens of a wide field into a pic- 
ture processing device and detect the entering object, and rotate an electric pan and tilt head having a camera or a TV 
camera with the zoom lens mounted thereon toward the entering object from the location information and the size infor- 
mation of the detected entering object as well as control the zooming of the zoom lens, for allowing an observer of the 
monitor to easily determine the entering object. 

30 It is a further object of the present invention to provide a highly reliable apparatus for tracking and monitoring an 
object which is arranged to determine if splitting of one object has occurred or if a plurality of objects exist, although they 
are merged or connected as one object. 

it is a yet further object of the present invention to provide an apparatus for tracking and monitoring an object which 
is ananged to infer a precise location of one object even if splitting has occurred in detecting the one object and infer a 

35 precise location of each of a plurality of objects even if merging or connection has occunred in detecting the plurality of 
objects so as to make it possible to detect a tracking path of each object. 

It is another object of the present invention to provide an apparatus for tracking and monitoring an object which is 
arranged to correct a tracking path of each object from the detecting state before and after the time of the detection and 
to precisely track the object if splitting has occurred in defecting one object or merging or connection has occurred in 

40 detecting a plurality of objects. 

It is another object of the present invention to provide an apparatus for tracking and monitoring an object which is 
arranged to guarantee that the same object is being tracked even if two or more objects are located within a target field 
of view. 

In achieving the foregoing objects, according to another aspect of the invention, a change in the number of detected 
45 objects is detected and splitting or connection of the object or objects is detected from a change in detecting state. 

According to still another aspect of the invention, the method for tracking and monitoring an object includes the 
steps of detecting an object contained in an input video signal, detecting the change in the number of detected objects 
other continuous frames, classifying a change of a detecting state of the objects from the detected change in the 
number of the detected objects, and determining if the detected objects are split from one object or the detected one 
so object is made up of plural objects connected together based on the classified state change of the objects. 

An object tracking and monitoring method according to an emtKxJiment of the invention includes the steps of cre- 
ating connecting information for representing a locational change of an object detected at each time and a change in a 
detected area from the change of the detecting state and infemng a trace of the object by estimating the locational 
change of the object within a variable length of time, for realizing more precise object tracking by tracking the detected 
55 object and estimating the locational change of the detected object within a long length of time. 

According to another aspect of the invention, an object tracking and monitoring method includes the steps of deter- 
mining if splitting of one object occurs when the object is detected from the aforementioned connecting information and 
connecting plural areas of the split parts as one area if it is determined that splitting has occurred in the object, whereby 
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the split parts are corrected as one object even when one object is detected as a plurality of objects due to splitting 
which has temporalily occun-ed in detecting the object. 

According to another aspect of the invention, an object trading and monitoring method includes the steps of deter- 
mining if merging or connection of a plurality of objects into one object has occun^ed in object detection from the afore- 

5 mentioned connecting information and connecting the connection of the plural objects from the connecting information 
before and after the detection if the object is determined to be connected, whereby the plural objects can be detected 
as plural objects even if they are temporarily detected as one object. 

According to another aspect of the invention, an object tracking and monitoring method includes the recursive 
determining step of determining if the split parts are corrected as one object at the aforementioned step of correcting 

10 the split parts, for recursively connecting the split parts as one object. At this step, if one object is detected as the split 
parts, those parts are more precisely corrected as one object. 

According to another aspect of the invention, an object trading and monitoring method includes the recursive 
determining step of determining if one object is corrected as the connection of plural objects at the aforementioned step 
of correcting the connection, for recursively correcting the connected objects as individual objects. At this step, if the 

IS connected objects are detected as one object, the object is more precisely corrected as individual objects. 

According to another aspect of the invention, an object tracking and monitoring method includes the steps of keep- 
ing also as the connecting information the pixel pattern of the detected area together with the location of the detected 
object and the area of the detected area given at the aforementioned step of creating the connecting information, 
matching the pixel pattern of the detected area to the pixel pattern kept at the step of determining the connection, for 

20 the purposes of determining if the object is a connected one, tracking the detected object, and guaranteeing that the 
same object is being tracked if plural objects are located in the field of view. 

According to another aspect of the invention, an object tracking and monitoring apparatus includes a camera or a 
TV camera for imaging a field of view to be monitored, a picture input interface for converting a signal from the camera 
into a video signal, and a processing unit including at least a CPU, a picture memory, a working memory and a program 

25 memory, for processing the video signal. The apparatus executes the operations of detecting a difference of a lumi- 
nance value at each pixel between an input video signal from the camera and a reference background video signal with 
no object to be detected; detecting the region with a large difference as an object; classifying the change of the detect- 
ing state from a change in the number of the detected objects contained over the continuous input video signals; storing 
as the connecting information a location of the detected object at each time, an area of the detected region and a picture 

30 pattern of the detected object, wherein the location, the region and the picture pattern are derived from the change of 
the detecting state; connecting the detected location of an object if splitting has occurred in detecting the object and cor- 
recting the trace of the objects if merging or connection of tiie objects has occun-ed in detecting the objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

. 35 

Fig. 1 is a block diagram showing a system for processing a tracking picture of an entering object according to an 
embodiment of the present Invention; 

Figs. 2A and 2B are views showing monitor screens useful in explaining the system for processing a tracking pic- 
ture of an entering object according to tiie invention; 
40 Figs. 3A to 3G are views showing monitor screens useful in explaining tiie system for processing a ti-acking picture 
of an entering object according to tiie invention; 

Fig. 4 is a flowchart showing a procedure of the system for processing a tracking picture of an entering object 
according to the invention; 

Figs. 5A to 5C are views showing monitor screens useful in explaining the system for processing a tiracking picture 
45 of an entering object according to tiie invention; 

Fig. 6 is an explanatory view showing the principle of operation of detecting an object based on the difference 
method; 

Figs. 7A to 7C are explanatory views showing the principle of operation of tracking a detected object; 

Fig. 8 is a block diagram showing a hardware for implementing one embodiment of the invention; 
50 Fig. 9 is a flowchart showing a method for tracking an object according to an embodiment of the invention; 

Fig. 10 Is a flowchart showing a method for tracking an object according to another embodiment of the invention; 

Fig. 11 is a flowchart showing a method for ti-acking an object according to another embodiment of tiie invention; 

Fig. 12 is a flowchart showing a method for tacking an object according to anotiier emt>odiment of the invention; 

Fig. 13 is a flowchart showing a method for fracWng an object according to anotiier embodiment of the Invention; 
55 Fig. 14 is a flowchart showing a method for ti-acking an object according to anotiier embodiment of tiie invention; 

Figs. 15A to 15E are explanatory views showing a change of a detecting state according to the invention; 

Fig. 16 is an explanatory view showing the connecting information of a detected object used in the present inven- 
tion; 
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Fig. 1 7 is an explanatory view showing a list structure shown in Fig. 16; 

Fig. 18 is an explanatory view showing the process of deternftining if splitting of an object has occun'ed in detecting 
the object according to the present invention; 

Rg. 19 is an explanatory view showing a connecting status of an object after execution of con-ection of splitting 
5 accordingto the present invention; 

Fig. 20 is an explanatory view showing the process of determining if merging or connection of plural objects has 
occurred according to the present invention; 

Figs. 21 A and 21 B are explanatory views showing a connecting status of an object after the connected objects are 
corrected as individual objects; 

10 Fig. 22 is a view showing an example of an information content (list structure) stored in a storage area for object 
information according to the present invention; 

Fig. 23 is a view showing the process of determining a trace of a single-connected object and an example of the 
corrected list structure according to the present invention; 

Fig. 24 is an explanatory view showing a step of recursive conrection according to the present invention; 
15 Figs. 25A and 25B are explanatory views showing a connecting status after the connection occun^ing in detection 
as shown in Fig. 24 is corrected; and 

Figs. 26A and 26B are explanatory views showing a connecting status after the splitting occun-ing in detection as 
shown in Fig. 24 is corrected. 

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before describing the embodiments of the invention, the processing of the difference method will be described with 
reference to Figs. 6 and 7A to 70. 

As shown in Rg. 6. an operation is executed to calculate a difference of each pixel between an input picture 701 

25 and a reference background picture 702 for obtaining a difference picture 703. Then, the difference picture 703 is con- 
verted into a binarized image 704. The conversion is executed on the assunption that the pixels whose values are less 
than a given threshold value are "0" and the pixels whose values are larger than or equal to the given threshold value 
are "255" (assuming that one pixel consists of eight bits). This conversion allows a hunnanlike object appearing on the 
input picture 701 to be detected as an picture D01 in the binarized image 704. 

30 The automatic tracking of the detected object is executed by sequentially detecting the object by the difference 
method and obtaining the movement of the object on the location of the detected object on the picture at each time. 
Then, description will be oriented to the principle of operation of the automatic tracking with reference to Fig. 7A-7C. In 
Figs. 7A to 7C, a numeral 801 denotes a binarized image at the time to. A numeral 802 denotes a binarized image at 
the time to + 1 . A numeral 803 denotes a binerized image at the time to + 2. A numeral 804 denotes a picture where all 

35 the detected objects and the centers of gravity of the binarized images 801 . 802 and 803 are represented at a time for 
the description's sake. A numeral 805 denotes a picture where the centers of gravity of the detected objects appearing 
on the picture 804 are represented by dots. When the object is detected at the locations D02, D03 and D04 of the bina- 
rized images 801 . 802 and 803 obtained at the times to. to+1 and to+2 shown in Fig. 7A. the movement of this object 
may be represented by arrows V01 and V02 shown in Fig. 70, wherein the arrow V01 connects the centers of gravity 

40 001 and C02 of the detected object locations D02 and D03 at their times, appearing on the picture 804 shown in Fig. 
7B. and the an^ow V02 connects the centers of gravity 002 and 003 of the detected object locations D02 and D03 at 
their times. 

The center of gravity may be derived by the expression (1). The center of gravity 0 is defined by: 
^ 0=(X. Y) 

I ^' ^ = f^ L ^ Expression(l) 

{X,Y)€B (X.neS 

e={(X, Y) I /(X, y)=255} 

where f(x, y) is a binarized image of a difference (assuming that the pixels whose values are more than or equal to the 
55 threshold value are "255" and the pixels whose values are less than the threshold value are "0") and [B] is the number 
of pixels, satisfying the relation Bs{(x, Y)| f(X,Y)s255} . 

Hereafter, description will be oriented to the embodiments of the invention with reference to the relevant drawings. 

Fig. 1 is a block diagram showing an image processing system for tracking an entering object according to an 
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embodiment of the invention. Figs. 2A and 2B are explanatory views showing pictures imaged by the TV cameras 
whose imaging view fields are different from each other. 

The system for processing a tracking picture of an entering object is made up of a TV camera 2 provided with an 
imaging lens 1 for obtaining a picture in a wide view field, a TV camera 17 provided with a zoom lens 16 for obtaining a 
5 magnified picture, the TV camera 17 being mounted on an electric pan and tilt head 18, a picture processing device 3 
for detecting an entering object and outputting a magnified picture by processing an inputted video signal in the wide 
view field, and video monitors 13 and 19 for monitoring the pictures whose imaging view fields are different from each 
other. 

In the system shown in Fig. 1, the TV camera 2 provided with the imaging lens 1 for outputting the picture in the 
10 wide view field operates to feed a video signal of the wide view field as shown in Fig. 2A, for example, which is imaged 
at a necessary monitoring spot, to the picture processing device 3. The video signal is for detecting the entering object. 

The TV camera 17 provided with a zoom lens 16 is nnounted on the electric pan and tilt head 18 which enables the 
camera 1 7 to rotate vertically and horizontally. The picture processing device 3 operates to control an amount of angle 
in the vertical and the horizontal directions and an amount of zooming. The device 3 outputs a video signal of a magni- 
15 fied picture shown in Fig. 2B, which represents an entering object imaged at a necessary monitoring spot, to a video 
monitor 19. 

The image processing device 3 operates to detect an entering object from the video signal of the wide view field 
inputted from the TV camera 2 provided with the imaging lens 1 and computes a locational coordinate of the entering 
object on the imaged picture. 

20 Further, the picture processing device 3 operates to convert the locational coordinate of the entering object 
detected from the video signal of the wide view field into the vertical and horizontal rotation of the electric pan and tilt 
head 18 for controlling the pan and tilt head 18. 

The TV camera 1 7 provided with the imaging lens 1 6. mounted on the electric pan and tilt head 1 8 rotated toward 
the entering object, operates to output the video signal of a magnified picture of the entering object to the video monitor 

25 19. Hence, the observer can constantly monitor the magnified intruded object on the video monitor 19. 

By monitoring the magnified entering object on the video monitor 19. the observer can dearly make sure of a coun- 
tenance and a shape of the entering object, which cannot be cleariy disaiminated from the picture of the wide field of 
view on the video monitor 13. 

Next, description will be oriented to the drcuit composing the picture processing device 3 and its operation. 

30 The TV camera 2 provided with the imaging lens 1 for obtaining the picture of the wide view field operates to apply 
the video signal to the picture processing device 3. 

In the picture processing device 3, the video signal is inputted to a picture input interlace (l/F) 4 for converting the 
analog video signal into a digital signal having 256 gradiations ranging from 0 to 255. The digital signal is applied from 
the interface 4 to a data bus 12. 

35 A picture memory 5 is connected to the data bus 12. The picture memory 5 has a memory capacity for storing six 
pictures. Concretely, the picture memory 5 contains an input picture memory 51 for storing an input video signal, a 
background picture memory for storing a background video signal used for detecting an entering object, working picture 
memories 53 and 54 for storing the bad^round video signal and the input video signal for carrying out an operation of 
detecting a difference between the pictures, an inter-picture operation result picture memory 55 for storing the result of 

40 a predetermined operation for detecting the difference between the pictures, and a binary-coded picture memory 56 for 
storing a binary-coded video signal representing the predetermined operation result binary-coded. 

Further, the data bus 12 contains a central processing unit (CPU) 6, a program memory 10, a working memory 9, 
a pan and tilt head control unit 8. an external interface (l/F) 11, and a video output interface (l/F) 7 connected thereto. 
The CPU 6 operates to execute operation, control, management and so forth. The working memory 9 analyzes data 

45 such as the locational coordinate and a movement history (moving trace) of the detected entering object, the data being 
obtained by processing the video signal. The pan and tilt head control unit 8 operates to output a rotation control signal 
for rotating the electric pan and tilt head by a required amount of angle and also output a zooming control signal for con- 
trolling the zooming of the imaging lens 16 by a required amount according to the size of the entering object so as to 
obtain a desired sized picture of the entering object under the control of the CPU 6 which operate a moving amount of 

50 the pan and tilt head from the locational coordinate of the detected entering object. The external l/F 1 1 operates to take 
an interface with an external apparatuses with respects to inputting/outputting of an alarming signal, a measurement 
start signal, a control signal and so forth when an entering object is detected. The video output l/F 7 operates to convert 
the digital video signal into an analog video signal and then output the analog video signal. 

For describing a system for processing a tracking picture of an entering object according to the embodiment of the 

55 invention, Figs. 3A to 3G show the monitor screens and Fig. 4 is a flowchart showing a procedure. Now, the procedure 
will be described. 

A process 401 of creating a background picture is executed to store in the background picture memory 52 the video 
signal of the wide field with no entering object at a necessary monitoring spot fed by the TV camera 2 at given intervals 
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of frame, perform a weighted means operation about the stor^ video signal, create a picture having no entering object 
as shown in Fig. 3A or having a negligible object, that is, a background picture 301 . and store the background video 
signal. 

A process 402 of inputting a picture is executed to apply a picture of the wide field at a necessary monitoring spot 
5 fed by the TV camera 2. concretely, a video signal of the input picture 302 as shown in Fig. 3B into the input picture 
memory 51 through the picture input l/F 4. 

A difference process 403 is executed to derive a difference picture for calculating a level difference between the 
video signals stored in the background picture memory 52 and the picture memory 51 . 

The content of the input picture memory 51 Is copied into the working picture memory 53 and the content of the 
10 background picture memory 52 is copied into the working picture memory 54. Then, the operation is executed to obtain 
a difference between the contents of the memories 53 and 54. that is. (picture memory 53) • (picture memory 54) and 
apply the operated result into the picture memory 55. The operated result represents a bright-part difference picture 
303A as shown in Fig. 3C. With this difference, a picture of a brighter portion such as a white upper clothing, than the 
background picture can be obtained. Next, the difference of (picture memory 54) - (picture memory 53) is obtained and 
IS then is put into the picture memory 53. The difference represents a dark-part difference picture 303B as shown in Rg. 
3D. With this difference, a picture of a darker portion, such as black trousouses. than the background picture can be 
obtained. 

The thus selected bright-part difference picture 303A is copied into the working picture memory 54. 

A binary-coding process 404 is executed to binary-code the bright-part difference picture stored in the picture 

20 memory 54 and the dark-part difference picture stored in the picture memory 53, respectively, put the binary-coded 
bright-part difference picture into the picture memory 54 and the binary-coded dark-part difference picture into the pic- 
ture memory 53 again. As a result, the binary-coded bright-part image 304A as shown in Fig. 3E and the binary-coded 
dark-part image 304B as shown in Fig. 3F are obtained. The binary-coded bright-part image stored in the picture mem- 
ory 54 and the binary-coded dark-part image stored in the picture memory 53 are logical-summed pixel by pixel and 

25 then the result of the logical-summing is applied into the digital picture memory 56. The result of the logical-summing 
corresponds to the binary-coded image 304 to be estimated as shown in Fig. 3G. The binary-coded image shown in 
Fig. 3G represents an entering object as a block of white pixels. 

A labelling process 405 is executed to detect if a block of white pixels is contained in the binary-coded video signal 
read from the binary-coded picture memory 56 by means of the labelling technique known in the field of this art and 

30 then measure the number of blocks of white pixels. In addition, the labelling method is described, for exanple. in 
Tamura Hideyuki, et al. "Introduction to Computer Picture Processing" Souken Shuppan, Ltd.. 1987, pages 75 to 76. 

A process 406 of recognizing an object is executed to measure a size, that is. the widths in the X and the Y direc- 
tions 309 and 310 of each block of white pixels determined by the labelling process 405, as shown in Fig. 3Q, compare 
the block of white blocks with the outside range of a preset entering object such as a person or a vehicle in size, recog- 

35 nize the entering object to be detected, and store the location of the detected entering object on the picture memory 
and the size data (for example, the Y-dlrectional width 309 and the X-directional width 310) in the working memory 9. 

A process 407 of determining if the object exists is branched depending on absence or presence of the entering 
object determined on the data stored in the working memory 9. 

If it is determined that there exists an extering object to be detected at the process 407. a process 408 of calculating 

40 a coordinate is executed to calculate a locational coordinate of a center of gravity of the object stured in the working 
memory 9. for example, the coordinate in the Y direction 305 and the coordinate in the X direction 306 as shown in Fig. 
3G and put the number of objects and the locational coordinate of the center of gravity of each object into the working 
memory 9. In addition, the locational coordinate of the detected object to be stored may be. for example, the center of 
a cin'cumscribed square of an area occupied by the detected object, other than the center of gravity. 

45 If there exist two or more objects to be detected, a process 409 of tracking and determining the object is executed 
to collate the locational coordinate of the center of gravity and the size of each object of the present input picture in light 
of the locational coordinate of the center of the gravity and the size of each otsject of the present input picture mow 
stored in the working memory 9. the locational coordinate of the center of gravity and the size of each object stored in 
the previous processing in the working memory 9 and a moving speed of the each object stored in the working memory 

50 9 in the previous processing. And. in order to associate each object in the present input picture with a corresponding 
object stored in the work memory 9 in the previous processing, the corresponding object is selected from those objects 
that have been stored in the work memory 9 in the previous processing. This process is repeated untill all the objects 
are associated with corresponding ones. 

A process 410 of control the electric pan and tilt head is executed to convert the locational coordinate of the center 

55 of gravity of the object of the input picture into the absolute location data of the electric pan and tilt head 1 8 and calcu- 
late a difference between the current location of the electric pan and tilt head 1 8 and the object and then enable the pan 
and tilt head control unit 8 to output the rotation control signal to the electric pan and tile head 18 so that the electric 
pan and tile head 18 may rotate in the proper direction by this difference. 
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Then, a process 41 1 of updating the background picture is executed to add the input picture to the created back- 
ground picture by means of the weighted mean operation expression shown in the following (2) for creating the updated 
badqround picture. 

5 Updated Background Picture = Background Picture 

X Weighting Coefficient + Input Picture x (1 - Weighting Coefficient) 



The weighting coefficient shown in the expression (2) is used for taking a change of the input picture against the 
10 background picture obtained up to now and updating the background picture. Reducing the weighting coefficient makes 
the follow-up characteristic of the background picture against the input picture more excellent. On the other hand, 
reducing the weighting coefficient too much would cause undesirable effects such as noise. For this reason, it is nec- 
essary to set an appropriate value. For example, 62/64 = 0.96875 may be used as the weighting coefficient. 

As a method for updating the background picture other than the foregoing process for updating the background pic- 
IS ture, another method may be employed wherein the picture having no entering object is recognized for updating the 
background picture. 

A process 412 of outputting an alarm is executed to output an alarm signal to an external device through the exter- 
nal l/F 1 1 after detecting the entering object and issue an alarm to the observer. 

Now, description will be oriented to the process of calculating the locational coordinate of the object of the detected 
20 picture and the pan and tilt head control data used in the process 41 0 with reference to Figs. 5A to 5C. 

If a person 506 is entering at the upper left corner of the screen as shown in the detected picture 501 shown in Rg. 
5A, imaged by the TV camera 2. the process is executed to calculate the X-directional locational coordinate 502 of tiie 
center of gravity and the Y-directional locational coordinate 503 of the center of gravity of the person 506. 

Then, tiie process is executed to control tiie electric pan and tilt head 18 on which tiie TV camera 1 7 provided with 
25 a zoom lens 1 6 for obtaining a magnified picture, magnify tiie location where tiie tracking picture 508 shown in Fig. 5B 
is inputted, tiiat is. the entering person 506, locate tiie person in tiie center of the video monitor 1 9, and read the vertical 
and horizontal location data of the electric pan and tilt head 18 when the person is located in the center. 

Likewise, the process is executed to derive ttie coordinates Y505 and X504 of the center of gravity of tiie person 
507 in the lower right corner of tiie detected picture 501 shown in Fig. 5 A and read the vertical and horizontal location 
30 data of ttie electric pan and tilt head 18 at the location where tiie tracking picture 509 as shown in Fig. 5C is inputted. 

The pan and tilt head control coefficient is calculated from the resulting location data of tiie electric pan and tilt head 

18. 

The pan and tilt head control coefficient can be obtained by tiie following expressions (3) and (4). 

35 Horizontal Pan and tilt head Control Coefficient - (Horizontal Location of Pan and tilt head 

for Obtaining the Picture 509 - Horizontal Location of 
Pan and tilt head for Obtaining tiie Picture 506) / p(-directional 
Location Coordinate 504 of the Picture 507 - X-directional Location Coordinate 503 of tiie Picture 506) 

40 

Vertical Pan and tilt head Control Coefficient - (Vertical Location of Pan and tilt head for Obtaining 
tiie Picture 509 - Vertical Location of Pan and tilt head 

(4) 

for Obtaining ttie Picture 508) / (Y-directional Location 
Coordinate 505 of the Picture 507 - Y-directional Location Coordinate 503 of tiie Picture 506) 



By multiplying tiie coefficients derived by the expressions (3) and (4) by tiie detected location, It is possible to derive 
the proper location of the electric pan and tilt head corresponding to ttie detected location of the object, thereby ena- 
bling the control for automatic tracking. 
50 Based on tiie size of the entering object stored in tiie memory 9. tiie process 41 0 of contiroliing the pan and tilt head 
allows the pan and tilt head confol unit 8 to output a zooming control signal to tiie zoom lens 16 for changing a focal 
length, so that the object may be automatically ti'acked and enlarged into a given size on tiie video monitor 19. 

The focal lengtii of the zoom lens 1 6 may be controlled on the value derived by ttie expression (5). 

55 Controlled Focal Length = (Total Number of Pixels in the Y-directional width 307 / Y-directional 

Detected Width 309 of ttie Detected Object) x (Focal (5) 
Lengtii x Reld Coefficient on Screen 201 where Entering Object Is Detected) 
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Here, the Total Number of Pixels Is a range of the field of view in Ydirection of the TV camera having a wide field 
of view. 

Note that the expression (5) utilizes the data of the Y direction for calculating the controlled focal length. Alterna- 
tively, it may utilize the data of the X direction for the purpose. 
5 However, assuming that the entering object is a person, the Y-directional width 310 is larger than the X-directional 
width 309. Hence, the data of the Y direction is preferable to controlling the zooming of the lens with respect to the 

whole of the person. 

For the control of the zooming with respect to the face of a person, the electric pan and tilt head may be controlled 
' by a specific value derived by multiplying the Y-directional detection width of the defected object on the memory by a 
10 given ratio, adding the multiplied result to the detection location, and multiplying the added result by the value derived 
by the expressions (3) and (4). For the control, it is possible to use a value derived by multiplying a given ratio by the Y- 
directional detected width in place of the Y-directional detected width 309 of the detected object on the memory 
obtained by the foregoing expression (4). 

Further, it is possible that the entering object may get out of the tracking screen depending upon the moving speed 
IS of the entering object. In that case, the field of view may be widened by adjusting the focal coefficient. 

With that even if the entering object comes closer to the camera from far. the entering object may be imaged while 
keeping the size of the image at constant. 

The foregoing description about the system for processing the tracking picture of the entering object is concerned 
with the process of enabling the pan and tilt head control unit 8 to output a zooming control signal for controlling the 
20 zoom lens 16 and thereby automatically magnifing the image on the screen. Alternatively, the zooming control signal 
manually controlled by the observer may be inputted to the pan and tiK head control unit 8 through the external l/F 1 1 . 
This is a manual adjustment of the magnified image. 

As set forth above, the system of this embodiment provides a function of controlling the electric pan and tilt head 
to be vertically and horizontally rotated using the detected and operated data for automatically tracking the entering 
25 object and controlling the zoom lens for magnifying the entering object. This function makes it possible for the observer 
to easily check the entering object on the video monitor. 

The prior art entitled "A Procedure for the Analysis of Skiers' Movement with Image Processing Techniques" is 
arranged to infer the traveling direction of an object from the change of the detected locations of several frames past for 
deriving the arrows V01 and V02 shown in Fig. 7C and restrict the selection range of the centers of gravity to be con- 
30 nected. This makes it possible to track the target object if two or more objects are located on the screen. However, with 
this method, it is impossibie to precisely track the target object if one object is temporarily split into plural parts or two 
or more objects are moved in parallel. 

The below-described embodiment provides a capability of precisely tracking an object if the object is temporarily 
split into plural parts or two or more objects are moved in parallel. 
35 Fig. 8 is a block diagram showing a hardware arrangement of an object tracking apparatus according to another 
embodiment of the present invention. 

In Fig. 8, a numeral 901 denotes a TV camera. A numeral 902 denotes a picture Input interface (l/F). A numeral 903 
denotes a data bus. A numeral 904 denotes a picture memory. A numeral 905 denotes a working memory. A numeral 
906 denotes a central processing unit (CPU). A numeral 907 denotes a program memory. A numeral 908 denotes an 
40 output interface (l/F). A numeral 909 denotes a picture output interlace (l/F). A numeral 910 denotes an alarming light. 
A numeral 91 1 denotes a monitor. The TV camera 901 is connected to the picture input l/F 902. The alarming light 910 
is connected to the output l/F 908. The monitor 91 1 is connected to the picture output l/F 908. The picture input l/F 902, 
the picture memory 904, the working memory 905, the CPU 906, the program memory 907, the output l/F 908, and the 
picture output l/F 909 are all connected to a data bus 903. In Fig. 8, the TV camera 901 operates to image a target area 
45 (range of a field of view). The video signal given by the TV camera 901 is sent from the picture input l/F 902 to the pic- 
ture memory 904 through the data bus 903, in which picture memory 904 the video signal is stored. The CPU 906 oper- 
ates to analyze the picture stored in the picture memory 904 according to a program stored in the program memory 907. 
This analysis is executed in the working memory 905. The CPU 906 operates to turn on the alarming light 91 0 through 
the output l/F 908 according to the analyzed result and display the picture on the monitor 91 1 through the picture output 
so l/F 909. The below-described flowcharts will be described along an example of a hardware arrangement of the object 
tracking apparatus. 

Fig. 9 shows a flowchart on which the present embodiment of the invention is based. At a step 101 of inputting a 
picture, at a time to-fl . the operation is executed to input an input video signal 701 of a format consisting of 320 x 240 
pixels, for example, given by the TV camera 901 (see Fig. 8) is inputted. At a step 102 of processing a difference, the 
55 operation is executed to calculate a difference of each pixel between the input picture and the pre-registered reference 
background picture 702 (see Fig. 6) with no object to be detected and obtain the difference picture 703 (see Fig. 6) 
based on the difference. Then, at a binary-coding step 103, the operation is executed to compare the pixels of the dif- 
ference picture 703 with a given threshold value. Concretely, the pixels whose values are langer than or equal to the 
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threshold value are "255" and the pixels whose values are less than the threshold value are "0". The portion of "255" 
means an object to be detected, while the portion of "0" means there exists no object to be detected. The resulting pic- 
ture is the binary-coded image 704 (see Fig. 6). The area D01 of a block of pixels whose luminance values are 255 is 
extracted by the labelling method known in the field of the art and is specified as the detected object at the time to+1 . 

5 The center of gravity of the detected area D01 is specified as the location of the detected object. The "predetermined 
threshold value" means a value on which it is determined if an object is located with respect to the difference between 
the input picture and the background picture. It may be set to such a value as disallowing the object to be buried in 
noises if the picture is binarJzed on this threshold value. The noises may be removed if they are small in the process of 
removing the noises and tracking the object after the binary-digitizing process. In actuality, the threshold value depends 

10 on the object to be monitored and may have an empirical value set thereto. However, a specific monitoring system may 
have the luminance value ranging from 20 to 40 in scales of 0 to 255. 

Then, the operation is executed to secure an information storage area for the detected object in the working mem- 
ory 905 (see Fig. 8), in which area are stored the location of the detected object, the area of the detected region, the 
change of the state, and a set of connecting pointers. Fig. 22 shows an example of an information content (list structure) 

15 stored in the storage area. As the object information, the storage area saves detection time, detecting state (appear- 
ance, single connection, coupling, disappearance, separation), detection location, area of a detected region, pixel pat- 
tern, determined trace, and set of pointers to a connected object. The change of the state and the set of connecting 
pointers will be described later. Next, at a step 104 of calculating the change of the number of detected objects, the 
operation is executed to obtain the distance between the location (center of gravity) of the object detected at the time to 

20 and the location of the object detected at a time to-1 and the distance between the location at the time to and the location 
of the object detected at a time to-i-1 . Then, the number of the objects (connectable objects) whose distance is equal to 
or less than a predetermined value is counted. In the count, the number of objects counted at the time to-1 is denoted 
as Np and the number of objects counted at the time to+1 is denoted as Nn. This process is executed for each object 
detected at a time to. The "predetermined value" means a distance on which the objects detected over the continuous 

25 frames may be assumed as the same object (connectable object). For example, the value is set to a larger (about dou- 
ble) value depending on the apparent speed of the target object. The reasons for setting it to a larger value is as follows. 
The representative location of the detected object to be tracked is set as the center of gravity, which means that the rep- 
resentative location does not necessarily indicate a constant portion of the detected object. If it is set to a larger value, 
the same object is securely connected over the continuous frames. On the other hand, however, tiie portion detected 

30 on the noises may be connected to the object, which brings about difficulty in con-ecting tiie trace (determining or cor- 
recting splitting) or inferring tiie trace. If it is too small, the same object may not be connected over the continuous 
frames. The actual set value depends on the imaging condition and the moving speed of tiie object. In an experimental 
system, the predetermined value is set as 40 pix. Assuming tiiat, for example, the TV camera having a 1/2 type CCD 
(whose element size is 6.5 mm x 4.8 mm) and a focal length of a lens of 25 mm is used for monitoring a target object 

35 (whose moving speed is 5 km/h (1 Amis) moving horizontally against the imaging plane located 50 m ahead on the pic- 
ture of 320 x 240 pix and 0.3 frame/s, tiie horizontal field of< view and the apparent speed are as follows. 

Horizontal Reld of View: 6.5 mm / 25 mm x 50 m s 13.0 m 

40 0 Apparent Speed : 1 .4 m/s x 0.3 s/frame / 1 3.0 m x 320 pix = 1 0.3 pix/frame 

The distance considered to allow the object to be connected over the continuous frames is about 20 pix. 
At a step 105 of classifying tiie change of the detecting state, the operation is executed to allocate five detecting 
states according to tiie values of Np and Nn of tiie target object. Figs. ISA to 15E are explanatory views showing five 

45 detecting states for a certain detected object at a time to- In Figs. 15A to 15E, a filled circle denotes a location of the 
detected object, while an empty circle denotes no connectable object located at a time to-1 or to+1 . In the example 1 001 
wifli Np = 0 shown in Fig. 15A. an object C04 detected at a time to did not exist within tiie field of view at a time to-1 ■ 
This change of state is referred to as "appearance". In tiie example 1002 with Np=1 shown in Fig. 15B, the object C04 
detected at a time to was an object G06 at a time to-1 . This change of state is referred to as "single connection". In tiie 

so example 1003 with Np > 1 shown in Fig. 15B, it is possible that tiie object C07 detected at a time to may have been an 
object COS or an object COS at a time to-1. In tills example 1003, Np = 2 is given. However, it may apply to the case of 
Np or 3 or more. This change of state is referred to as "coupling". In the example 1004 witii Nn = 0 shown in Fig. 15D, 
an object 010 detected at a time to disappeared from witiiin the field of view at a time to+1 . This change of state is 
referred to as "disappearance". In the example 1005 with Nn > 1 shown in Rg. 15E. an object C1 1 detected at a time 

55 to may be split or separated to an object CI 2 and an object CI 3 at a time to+1 . In this example 1005, Nn =: 2 is given. 
However, this example may apply to Nn of 3 or more. This change of state is referred to as "separation". Next, at a step 
1 06 of creating the connecting information, tiie operation is executed to change a set of connecting pointers in the infor- 
mation storage area of the working memory 905 (see Fig. 8) according to the change of state allocated at the classifying 
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step 105. For the object COS determined as "single connection" as in the example 1002. the operation is executed to 
add the detection location of the object C06 to the area for saving the determined trace of the object COS. add an 
address of the information storage area of the object C06 to the set of connecting poirrters of the object COS and add 
an address of the information storage area of the object COS in the working memory SOS to the set of the connecting 
pointers of the object C06 for specifying the addresses to the next pointer of the object C06. For the object C07 deter- 
mined as "coupling" as in the example 1003, the operation is executed to add the detection locations of the objects COS 
and C09 in the area for saving the determined trace of the object C07 and add an address of the information storage 
area of the objects COS and COS in the working memory SOS to the set of the connecting pointers of the object C07 and 
an address of the information storage area of the object C07 in the working memory SOS to the sets of connecting point- 
ers of the objects COS and COS for specifying the addresses as the next pointers of the objects COS and COS. For the 
object C1 1 determined as "separation as in the example 1005, the operation is executed to add an address of the infor- 
mation storage area of the objects CI 2 and C1 3 in the working memory SOS to the set of connecting points of the object 
C1 1 and add the detection location of the object C1 1 and an address of the information storage area of the object C1 1 
to the areas for saving the set traces of the objects C12 and C13. At a step 106 of creating the connecting information, 
the operation is executed to connect the information storage areas of the detected object in the working memory SOS 
as a list structure through the set of connecting pointers. Thus, the detected object is classified into at least one of the 
five state changes and the connecting relation of the detected object on each frame is represented as a list structure. 

The times to, to+1 and to+2... are the point in time (intervals of time) when the picture to be process is inputted. The 
time is set as a length of time which allows at least five frames to be imaged from when a target moving object is entered 
into the field of view to when it gets out of the field. If the length of time is set as a lower value, the frames for tracking 
the object is decreased in number, which leads to an ot)Stacle to high-precision tracking. The shorter interval between 
the times does not matter so much. The set length of time depends on the distance between the camera and the object 
and the moving speed of the object. In a specific monitoring system, it is set as 2 to 3 frames per second. 

Now, description will be oriented to the list structure of the object information storage area with reference to Figs. 
16 and 17. Fig. 16 is an explanatory view showing the state of the objects detected between the time to and the to+4. 
Fig. 1 7 shows the connection of the list structure of the detected objects shown in Fig. 1 6. In Figs. 1 6 and 1 7, the filled 
circles do not represent an area of a detected binary-coded image but merely denote the detected ot)jects and their 
locations. In Fig. 1 6, when the objects detected between the time to and the time to+4 are located as shown by the filled 
circles, the information storage area of each object is made to be the connected structure as shown in Fig. 1 7 as a result 
of the step 104 of calculating the change of the number of detected objects, the step 105 of classifying the change of 
detection state, and the step 106 of creating the connecting information. For exanple, looking at the object CIS at the 
time to+2 shown in Fig. 16, the objects detected at the time to+3 immediately after the time are C16, C20 and C21. By 
obtaining the distance between the object CI S and each of the three objects CI 8, C20 and C21 , the distance between 
the object CIS and the object CI 6 is made more than or equal to a predetermined value. Hence, the object CI 6 is 
excluded. At the step 104 of calculating the change of the number of the detected objects, the objects C20. C21 are 
determined as the connectatde objects to the object CIS. At the step 105 of classifying the change of the detection 
state, the objects CIS at the time to+2 and the objects C20 and C21 are classified as "separation". On the other hand, 
the object CIS detected at the time tO+2 is classified as "coupling" with the object C16 whose distance is more than or 
equal to the predetermined value. Next, at the step 107 of inferring the trace, the change of the detection location of 
each object stored in the information storage area is examined retrogressing along the connecting pointers for inferring 
the trace of the object. For example, the object C22 shown in Fig. 17 may be traced in order of the objects C20. CIS, 
CIS and CI 7. The trace of the object C22 may be intended such that it passes through the detection locations of the 
objects CI 7. CIS. CIS, C20 and C22. Next, at a step 10S of determining abnormality, the trace of the object obtained 
at the step 107 of infen-ing the trace is estimated by the time and the moving distance. For exanple. If it is determined 
if a vehicle is stopped by any fault, it is estimated if the trace of an object within a predetermined time stays within a 
predetermined range. If it exceeds the predetermined range (the moving distance is large), the process returns to the 
step 101 of inputting a picture. If it stays within the predetermined range (the nfK>ving distance is small), it is determined 
that the vehicle is stopped by some fault and the process goes to a step 1 0S of issuing an alarm and displaying an alarm 
on the monitor. 

The predetermined time mentioned above is used for determining if the object is a stopped object (for example, a 
vehicle). Hence, it may be set to a stopping period of time which allows the vehicle being monitored to be considered 
as stopping. In an experimental system, it is set as five seconds. That is. if tiie car is stopped for five seconds, it is deter- 
mined that it is the stopped card. Further, tiie predetermined range mentioned above is a maximum moving distance 
which allows the vehicle to be considered as stopping. For example, it is set as the apparent size of the target object. 
This Is because the detecting process uses the center of gravity of the target object as the representative location, 
allowing ttie representative location to fluctuate between tiie front and the back of tiie vehicle depending on the detect- 
ing state. That is, the position of tiie target object does not always show a constant point. The set value depends on the 
imaging condition and tiie size of tiie target object. In an experimental system, it is set as about 40 x 25 pix. In a case 
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thai a TV camera having a 1/2 CCD (whose element size is 6.5 mm x 4.8 mm) and a focal length of lens of 25 mm (per- 
ates to monitor the target object (whose size is assumed as 6.0 m x 4.0 m) of 200 m ahead on the screen of 320 x 240 
pix, the horizontal field of view and the apparent size are as follows. 

5 Horizontal Field of View: 6.5 mm / 25 mm x 200 m = 52.0 m 

Apparent Size: 6.0 m / 520 m x 320 pix « 36.9 pix 

At the step 1 09 of issuing an alarm sound and displaying an alarm on the monitor, an instruction is given to the out- 

10 put l/F 908 (Fig. 8) and the picture output l/F 909 (Fig. 8). In response to the instruction, the output l/F 908 (Fig. 8) ena- 
bles the alarming light 910 (Fig. 8) to be emitted, and the picture output l/F 909 (Fig. 8) enables an abnormal state to 
be displayed on the monitor 91 1 . Axording to this embodiment, the object may be tracked while detecting the splitting 
or coupling of the object on the change of the detecting state. 

The objects CI 4, C15 and C16 shown in Fig. 17 are a set of connecting pointers. It indicates the change of state 

75 called "single connection" in the classifications shown in Figs. 15A to 15E. The method of determining this trace will be 
described with reference to Fig. 23. Fig. 23 shows an example of determining the trace of the object whose state 
change is "single connection" and the connected list structure according to the present invention. In this example, the 
object CI 4 shown in Fig. 17 brings about the change of state of "single connection". The operation is executed to add 
the detection location of the object CI 5 connected in the list structure to the area for saving the determined trace in the 

20 object C16, change the pointer of the object C14 pointing to the object C15 to a pointer pointing to the object C16. and 
lastly delete the connecting information of the object C15. 

Here, for indicating a warning state, an alarming light is used. Alternatively, any means such as a sound or vibra- 
tions or the combination of them may be used only if an operator or an assistant animal such as a dog may sense it. 
Description will be oriented to another embodiment of the invention with reference to Figs. 10, 18 and 19. Even in 

25 the case of one object imaged by the TV camera being split and detected as a plurality of objects, this embodiment is 
arranged to trace the object while connecting the splitting state. Fig. 10 shows the flowchart for representing this embod- 
iment. In this flowchart, a step 1 10 of determining if an object is split and a step 1 1 1 of connecting the splitting state are 
added to the embodiment of Fig. 9. At the step 1 10 of determining if an object is split, it is determined if the detected 
object is seemingly split from the change of state of the list structure obtained by the step 106. This determination will 

30 be described with reference to Figs. 1 8 and 1 9. Rg. 1 8 is a connection structure diagram showing a list structure of the 
detected objects before correcting the splitting state of the object detected between the time to and the time to+1 and 
between the time tf-l and the time t^ Fig. 19 is a connection structure diagram showing the state after connecting the 
splitting state of the detected object shown in Fig. 18. In Figs. 18 and 19. the filled circle does not denote an area of the 
detected binary-coded image but merely denotes the location of the detected object or the detected object Itself. In Fig. 

35 18. the object C23 Indicates the change of state of "separation" at the time to. which is one of the aforementioned 
changes of state. At the time t^, the object C28 indicates the change of state of "coupling" after repeating the change 
of state from the object C23 to the time t1 . At the step 1 1 0 of determining if an object is split, the operation is executed 

to determine that the objects C23. C24. 025 C26. C27 and C28 are "split" parts If the distance between the objects 

C24 and C25 is larger than or equal to a predetermined maximum size of the object and the sum of the areas of the 

40 objects C24 and C25 is equal to or lower than the area of the ot)ject C23 with respect to the objects C24 and C25 at the 
time to4-1 to be connected with the object C23 at the time to in the list structure and if the distance between the objects 
C26 and C27 is equal to or shorter than a predetermined object maximum size and the sum of the areas of the objects 
C26 and 027 is equal to or lower than the area of the object 028 with respect to the objects 026 and 027 at the time 
ti-1 to be connected with the object 028 at the time t1 in the list structure. That is, one object 023 at this time to is 

45 detected as two objects between the times to+1 and tfl by some influence and tiien these two objects are reunited and 
detected as one object 028 at the time t-j. Note that, like the "predetermined range" described about tiie determination 
if the vehicle is stopped, the "predetermined maximum size of the object" may be set to an apparent size of the target 
object. Like the above case, the value may be set depending on ttie imaging condition and tiie size of the target object. 
Next, at a step 1 1 1 of connecting a splitting state, the operation is executed to create the object information storage 

50 areas of the objects 029 and 030 in the working memory 905, produce the detection location of the object 029 by com- 
puting a mean location of the detection locations of the objects 024 and 025 weighted by the areas thereof, set the area 
of tiie object 030 to be the sum of tiie areas of tiie objects 026 and O30, determine the change of state of tiie object 
029 as "single connection", delete addresses of tiie information storage areas of the objects 024 and 025 in the work- 
ing memory 905 from the set of connecting pointers of the object 023, and add an address of the information storage 

55 area of the object 029 in tiie working memory 905 to the set of connecting pointers of the object 023. Likewise, tiie 
operation is executed to newly create an object information storage area at each time point from the time to+1 to the 
time ti-1 in the working memory 905. Then, the detecting states of the objects 023 and 028 are changed to the "simple 
connection". By tiiis operation, the information storage area and the list structure of the object determined as the split- 
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ting state from the time to+1 to the time t^-l may be precisely created. In this embodiment, if one object is subjected to 
splitting and detected as a plurality of object, such is corrected and the object may be precisely tracked. 

Next, description will be oriented to another embodiment of the invention with reference to Figs. 1 1 . 20, 21 A and 
21 B. This embodiment is an-anged such that if two or more objects imaged by the TV camera are connected and 

5 detected as one object, the objects may be tracked while correcting the connected state. Rg. 11 is a flowchart for rep- 
resenting this embodiment. In the flowchart of Fig. 1 1 , a step 1 12 of determining if objects are connected as one and a 
step 1 1 3 of correcting a connected state are added to the embodiment of Fig. 9. At the step 1 1 2 of determining if objects 
are connected as one. it is detemiined if the detected objects are seen as a connected one from the change of the state 
of the list structure obtained at the step 1 06. Fig. 20 is a connecting structure diagram showing the list structure of the 

10 detected objects before correcting the connected state of the objects detected from the time to-1 to the time to from 
the time ti to the time tt+1 . Figs. 21 A and 21b are connecting structure diagrams after correcting the connected state 
of the detected objects shown in Fig. 20. In Rgs. 20. 21 A and 21 B, a filled circle does not indicate the area of the 
detected binary-coded image but merely indicates the location of the detected object or the detected object itself, in Fig. 
20, the object C33 is in the "connected" state change that is one of the aforementioned state changes at the time tp. 

IS Then, the state change is repeated from the times to to t^ . At the time t^ . the object C34 is in the state change of "sep- 
aration". At the step 1 12 of determining if the objects are connected, the operation is executed to determine that the 

objects C31. C32. C33 C34. C35 and C36 are "connected" if the distance between the objects C31 and C32 is 

larger than or equal to the predetermined maximum object size and the sum of the areas of the objects C31 and C32 
is larger than or equal to the area of the object C33 with respect to the objects C31 and C32 at the time to-1 to be con- 

20 nected with the object C33 at the time to in the list structure and if the distance between the objects C35 and 036 is 
larger than or equal to the predetermined maximum object size and the sum of the areas of the objects C35 and C36 
is larger than or equal to the area of the object C34 with respect to the objects C35 and C36 at the time t-i+l to be con- 
nected with the object C34 at the time t^ in the list structure. That is. it is inferred that two objects C31 and C32 at the 
time ti-1 are detected as a connected state between the time to and the time ti by some influence or other and then at 

26 the time t-i+1 the connected object is detected to be returned to two objects as the object C28. 

Next, at the step 1 13 of correcting the connected state, the operation is executed to derive an average motion vec- 
tor V03 of a trace of the object C31 from the time to-N to the time to-1 , an average motion vector V04 of a trace of the 
object C32 from the time to-N to the time to-1 , an average motion vector V05 of a trace of the object C35 from the time 
ti+1 to the time ti+N. and an average motion vector V06 of a trace of the object C36 from the time ti+1 to the time t-i+N. 

30 If the trace is changed into (x1 . y1). (x2, y2). ... (xN, yN). the motion vector v is calculated by the following expression 
(6). 



35 




(6) 



An operation is executed to calculate angles formed between the vectors V3 and V05. V03 and V06. V04 and V05, 
and V04 and V06 from the calculated average motion vectors and select the combination of the minimum angle as a 
40 connection candidate. Further, the combination of the minimum angle from those angles except the previously selected 
minimum angle is selected as another connection candidate. This process is continued until the combinations of the 
motion vectors are ended up. The angle 6 formed between motion vector v1 = (x1 , y1) and v2 = (x2, y2) is calculated 
by the following expression (7). 

6 = cos ^ 1 2 /1/2 

/ 2 2 / 2 2 
V^l +yi V^2 +^2 



SO In the examples shown in Figs. 21 A and 21 B, the combinations of the average motion vectors V03 and V05 and the 
average motion vectors V04 and V06 are selected. At the step 1 13 of con-ecting the connected state, the operation is 

executed to newly create the information storage areas of the objects C37, C38 C39 and C40 as the objects 

detected at each time point from the time to to the time ti . set the detection location of the objects C37 and 038 to that 
of the object 033 and the detection location of the objects 039 and 040 to that of the object 034. Further, the area of 

55 each of the object 037 and 038 is made half as large as the area of the object 033 and the area of each of the object 
039 or 040 is made half as large as the area of the object 034. This makes it possible to precisely coaect the object 
information storage areas and the list structure of the objects determined as the connected one from the time tO to the 
time t^ The system of this embodiment nfiakes it possible to correct the connected state of plural objects and thereby 
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precisely track the objects even if the objects are detected as a connected one. 

Next, description will be oriented to another embodiment of the invention with reference to the flowchart of Fig. 12. 
In the embodiment shown in Rg. 12, a recursive determining step 114 of oorecting the split state is added to the 
embodiment shown in Fig. 10. This operation is executed to determine if the spirt state is corrected. Then, if it is cor- 

5 rected. the operation returns to the step 1 1 0 of determining if an object is split and subsequently the split state is again 
con-ected based on the new connecting information after correcting the split state. If no correction is done, the operation 
goes to the step 1 07 of inferring the trace. The system of this embodiment makes it possible to correct the split state as 
long as the correction for the split state can be continued and thereby precisely track the object if two or more objects 
are split twice or three times and detected as many more objects. 

10 Next, description will be oriented to another embodiment of the invention with reference to the flowchart of Fig. 1 3. 
In this embodiment shown in Rg. 13, a recursive determining step 1 15 of correcting a connected state is added to the 
embodiment shown in Rg. 1 1 . At this step 1 1 5, the operation is executed to determine if the objects have been con- 
nected and again con-ect a connected state based on the new connecting information after the connection is corrected. 
If no connection for the connected state is executed, the operation goes to the step 107 of inferring the trace. The system 

IS of this embodiment makes it possit>te to connect the connected state as long as the correction can be continued, thereby 
precisely tracking the object. 

Next, description will be oriented to an embodiment of the invention with reference to Fig. 14. This embodiment is 
a combination of the step 1 10 for determining if an object is spirt, the step 1 1 1 off correcting a split state, a step 1 14 of 
recursively corecting a split state, the step 1 12 of determining if objects are connected, the step 1 13 of correcting a 

20 connected state, and the step 1 15 of recursively correcting a connected state. A step 1 16 of recursively correcting the 
state is a conibination of the step 1 14 of recursively correcting a split state and the step 1 15 of recursively correcting a 
connected state. In the flowchart shown in Fig. 14. at the step 116 of recursively correcting the state, the operation Is 
executed to determine if at least one of the correction for the split state and the correction for the connected state is 
executed, if correction Is done, the operation is returned to the step 110 of determining if the object is split. Then, the 

25 operation is executed to correct the split state or the connected state based on the new connecting information after the 
correction. If no con'ection for the split state or the connected state is executed, the operation goes to the step 107 of 
inferring the trace. The system of this embodiment makes it possible to correct the split or the connected state if such 
phenomena as splitting and connection take place simultaneously and repetitively, thereby precisely track the object. 
Of course, steps 1 10. 1 1 1 and 1 14 in Fig. 12 and steps 112, 113 and 1 15 in Fig. 13 may be serially implemented 

30 in that order or in reverse order. 

The example that needs the step 1 1 6 of recursively correcting the split or the connected state will be described with 
reference to the connecting structure diagram shown in Figs. 24. 25A. 25B. 26A and 26B. In these figures, the filled cir- 
cle does not denote an area of the detected binary-coded image but merely denotes the location of the detected object 
or the detected object itself. In Fig. 24, the object C50 is separated into the objects C51 and 052 and again connected 

35 as the object 059. wherein an intermediately located object 054 is connected with another object 071 and the object 
056 is separated into the objects 058 and 074. Figs. 25A and 25B show the connecting structures after correcting the 
connected state In the connecting structure shown in Fig. 24. By using calculated motion vectors, the object 054 is cor- 
rected into objects 054 and 072 and the object 056 is con'ected into the objects 056 and 073. (Note that the word "cor- 
rected" means that for example, data of 054 is copied to 072 and 052 supra and 056 onward are linked to 072, while 

40 071 supra and C73 onward are linked to 072.) In this case, it is necessary to correct the split state about the connection 
from the objects 049 to O60. Hence, at the step 1 16 of recursively connecting the split or connected state shown in Fig. 
14. it is necessary to return to the step 1 10 of determining if an object is split to repeat the correction. Figs. 26A and 
26B show the connecting structures given by carrying out the conrection for the split state at the step 1 13 of correcting 
the split state after the process passes through the step 1 1 6 and returns to the step 1 1 0. In the step 1 1 0. 051 and 052 

45 are determined to have been split and 081 is created from 051 and 052. Similarly, it is determined that splitting has 
occurred between 053 and 054, between 055 and 056 and between 057 and 058 and 081 . 082 and 083 are created 
therefrom, respectively. That is, the objects 051. 053, 055 and 057 and objects 052. 054. 056 and 058 which have 
been split from the object 050 and then connected at the object 059, are corrected into the objects O80, 081 . 082 and 
083. 

so Next, description will be oriented to another embodiment of the present invention. The system of this embodiment 
Is arranged so that in the embodiments shown in Fig. 11, 13 or 14, at the step 106 of creating the connecting informa- 
tion, a picture pattern of the detected object is stored as the information of the object and at the step 1 13 of correcting 
the connected state, the connected object is corrected based on a similarity derived from a picture pattern matching. 
The pattern matching is a known technique in the field of the art and is described, for example, in "Introduction to Com- 

ss puter Image Processing" by Tamura. Soken Syuppan, March 1985, pages 148 to 153. At the step 113 of correcting the 
connected state, the operation is executed to do matching between the objects 031 and 035. 031 and C36, 032 and 
035. and 032 and 036 for calculating a similarity of the picture pattern and selecting the combination of the highest 
similarity as the connection candidate. Further, the operation is executed to select as the next candidate the combina- 
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tion of the highest similarity excepting the foregoing combination selected as the connection candidate. This process is 
continued until no picture pattern remains. Like the foregoing embodiment, in the example shown in Figs. 2 1 A and 21 B, 
the combination of C31 and C35 and the combination of C32 and C36 are selected as the connection candidates. At 
the next step 11 3 of correcting the connected state, the operation is executed to newly create object information storage 

5 areas of the objects C37, C38, .... C39. and C40 as the objects detected at each time point from the time to to the time 
t^. set the detection locations of the objects C37 and C38 as that of the object C33. and set the detection locations of 
the objects C39 and C40 as that of the object C34. Further, the area of each of tiie object C37 and C38 is made half as 
large as the area of the object C33. The area of each of the objects C39 and C40 is made half as large as the area of 
the object C34. This makes it possible to precisely conrect the object information storage area and the list structure of 

10 the objects determined to be connected from the time to to the time t-i . The system of this embodiment makes it possible 
to con-ect the connected state of the objects if two or more objects are connected and are detected as one object and 
thereby precisely track the object. 

As set forth above, the system of this embodiment makes It possible to classify the change of the detecting state 
from the change of the number of the detected objects for the continuous pictures, hold the connecting information 

IS about the change of the detecting state, and tracking the detected objects as correcting splitting of one object or the 
connection of plural objects, thereby implementing more precise tracking. The persons skilled in this art can easily 
implement the application of the object tracking methods of this embodiment to the system for processing a tracking pic- 
ture of an entering object described with reference to Figs. 1 . 2A to 2B, 3A to 3G, 4. and 5A to 50. 

The system of this embodiment therefore provides a capability of overcoming a difficulty of precisely tracking each 

20 object when two or more objects are located within a field of view of the TV camera such that there are temporarily split 
objects or a plurality of objects are moving while crossing each other, while widening the application range of the appa- 
ratus for tracking and monitoring an object(s). 

Claims 

2S 

1 . A method for tracking an object for use in an object tracking and monitoring apparatus provided with a camera for 
sequentially detecting an object entering into an imaging field of view of said camera, comprising the steps of: 

sequentially inputting continuous input picture signals obtained from said camera (101) and detecting objects 
30 in the continuous input picture signals (1 02, 1 03); 

sequentially detecting changes in the detected objects from said continuous input picture signals (104); and 
sequentially classifying the detected changes in the detected objects into a plurality of predetermined state 
changes based on predetermined rules (105). 

3s 2. The method as claimed in claim 1 . wherein said predetermined state changes to be classified include appearance, 
single connection, coupling, disappearance, and separation. 

3. The method as claimed in claim 2, further comprising the steps of: 

40 creating connecting information for representing a location and a change of an area of a region of said object 

detected at each time from said detecting state change (106); and 

inferring a trace of said object by a moving distance of said detected object from said created connecting infor- 
mation (107). 

45 4. The method as claimed in claim 3, further comprising the steps of: 

determining if one object is split into plural objects when said objects are detected, from said connecting infor- 
mation (110); and 

correcting the plural objects determined as a split state into one object (111). 

so 

5. The method as claimed in claim 3, further comprising tiie steps of: 

determining if plural objects are connected as one object when said object is detected, from said connecting 
information (112); and 

55 connecting one object determined as a connected state into plural objects based on the connecting information 

before and after the detection (113). 

6. The system as claimed in claim 4. furtiier comprising the step (1 14) of recursively determining if the split state is 
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corrected at said step of correcting the split state, and wherein said step of determining the split state and said step 
of correcting the split state are repeated until no more correction for the split state is possible. 

7. The method as claimed in claim 5. further comprising the step (11 5) of recursively determining if the correction for 
the connected state is executed at said step of correcting the connected state, and wherein said step of determin- 
ing the connected state and said step of conecting the connected state are repeated until no more correction for 
the connected state is possible. 

8. The method as claimed in claim 3. further comprising the steps of: 

determining if one object is detected as split objects when said objects are detected, from said connecting 
information (110); 

correcting plural objects determined as the split state into one object (1 1 1); 

determining if plural objects are detected as a connected one object when said object is detected, from said 
connecting information (112); 

correcting one object determined as the connected state into plural objects from the connecting information 
before and after said detection (1 1 3); and 

wherein plural objects determined as the split state are connected into one otsject and one object deter- 
mined as the connected state is corrected into plural objects based on the connecting infomriation before and 
after said detection. 

9. The method as claimed in claim 3, further comprising the steps of: 

determining rf one object is detected as split plural objects when said plural objects are detected, from said 
connecting information (110); 

conecting said plural objects determined as the split state into one object (111); 

recursively determining if the con'ection for the split state is executed at said step of correcting the split state 
(114); 

determining if plural objects are detected as a connected one object when said one object is detected, from 
said connecting information (112); 

connecting said one object determined as the connected state into plural objects, based on the connecting infor- 
mation before and after said detection (113); 

recursively determining if the connection for the connected state is e)®cuted at said step of correcting the con- 
nected state (115); and 

wherein said step of determining the split state and said step of correcting the split state are repeated 
until no more conection for the split state is possible and said step of determining the connected state and said 
step of correcting the connected state are repeated until no more con'ection for the connected state is possible. 

10. The method as claimed in claim 9. wherein the operation is executed to hold a location of object, area of a i^egion 
occupied by said object, and a pixel pattern of said region, detected as the connecting information at said step of 
creating the connecting information and the operation is executed to determine the connected state by matching 
the pixel pattern at said step of determining the connected state. 

11. The method as claimed in claim 7. wherein the operation is executed to hold a location of said object, area of a 
region occupied by said object, and a pixel pattern of said region, detected as the connecting information at said 
step of creating the connecting information, and the operation is executed to determine the connected state by 
matching the pixel pattern at said step of determining the connected state. 

12. The method as claimed in claim 8. wherein the operation is executed to hold a location of said object, area of a 
region occupied by said object, and a pixel pattern of said region, detected as the connecting infomfiation at said 
step of creating the connecting information, and the operation is executed to determine the connected state by 
matching the pixel pattern at said step of determining the connected state. 

13. The method as claimed in claim 1 , further comprising the steps of: 

creating the connecting information for representing change of a location and area of a region occupied by said 
object detected at each time from said detecting state change (106); and 

inferring a trace of said object by a moving distance of said detected object from said created connected infer- 
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mation (107). 

14. The method as claimed in claim 13, further comprising the st^s of: 

determining if one object is detected as a split state when plural objects are detected, from said connecting 
information (1 10); and 

correcting said plural objects determined as the split state into one object (1 11). 

15. The method as claimed in claim 13, further comprising the steps of: 

determining If plural objects are detected as a connected one object when said one object is detected, from 
said connecting information (112); and 

correcting said one object determined as the connected one object into plural objects, based on said connect- 
ing information before and after said detection (1 13). 

16. The method as claimed in claim 14, further comprising the steps of recursively determining if the correction for the 
split state is executed at said step of con-ecting the split state (111), and wherein said step of determining the split 
state and said step of connecting the spirt state are repeated until no more correction for the split state is possible. 

1 7. The method as claimed in claim 15, further comprising the step of recursively determining if the correction for the 
connected state is executed at said step of con-ecting the connected state (1 12), and wherein said step of deter- 
mining the connected state and said step of correcting the connected state are repeated until no more connection 
for the connected state is possible. 

18. The method as claimed in claim 13, further connprising the steps of: 

determining if one object is detected as split plural objects when said plural objects are detected, from said 
connecting information (110): 

connecting said plural objects determined as the split state into one object (111); 

determining if plural objects are detected as a connected one object when said one object is detected, from 
said connecting information (112); 

correcting said one object determined as the connected state into plural objects, based on the connecting infor- 
mation before and after said detection (113); and 

wherein plural objects determined as the split state is connected into one object and one object deter- 
mined as the connected state Is corrected into plural objects, based on the connecting information before and 
after said detection. 

19. The method as claimed in claim 13. further comprising the steps of: 

determining if one object is detected as split plural objects when said plural objects are detected, from said 
connecting information (110); 

conrecting said plural objects determined as the split state into one object (1 1 1); 

recursively determining if the correction for the split state is executed at said step of correcting the split state 
(114); 

determining if plural objects are detected as a connected one object when said one object Is detected, from 
said connecting information (1 12); 

correcting said one object determined as the connected state into plural objects, based on the connecting infor- 
mation before and after said detection (113); 

recursively determining if the correction for the connected state is executed at said step of connecting the con- 
nected state (1 15); and 

wherein said step of determining the split state and said step of correcting the split state are repeated 
until no more correction for the split state is possible and said step of determining the connected state and said 
step of correcting the connected step are repeated until no more correction for the connected state is possible. 

20. The method as claimed in claim 19. further conprising the steps of holding a location of said object, area of a 
region occupied by said object and a pixel pattern of said region, detected as the connecting information at said 
step of creating the connecting information, and determining the connected state by matching the pixel pattern at 
said step of determining the connected state. 
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21. The method as claimed in claim 19, further comprising the steps of holding a location of said object, area of a 
region occupied by said object and a pixel pattern of said region, detected as the connecting information at said 
step of aeating the connecting Information, and determining the connected state by matching the pixel pattern at 
said step of determining the connected state. 

5 

22. The method as claimed In claim 18, further comprising the steps of holding a location of said object, area of a 
region occupied by said object and a pixel pattern of said region, detected as the connecting information at said 
step of creating the connecting information, and determining the connected state by matching the pixel pattern at 
said step of determining the connected state. 

10 

23. A system for processing a tracking and monitoring picture of an entering object, comprising: 

a first camera (2) for imaging an overall monitoring area, for outputting a video signal used for detecting an 
object entering a given monitoring area; 
75 a second camera (17) for outputting a video signal used for monitoring a picture as tracking said entering 

object; 

a picture processing device (3) for generating a control signal for conti-oiiing said second camera from tiie video 
signal inputted from tiie first camera; and 

wherein said second camera operates to automatically track and Image said object entering Into said 
20 monitoring area in response to said control signal. 

24. A system for processing a tracking and monitoring picture of an entering ot^ect. comprising: 

a first camera (2) provided with an imaging lens (1 ) of a wide f leM of view for outputting a video signal used for 
25 detecting an object entering a given monitoring area; 

a second camera (17) provided witii a zoom lens (16) for outputting a video signal used for monitoring tiie 
entering object on the picture as tracking tiie object, said second camera mounted on an electric pan and tilt 
head; 

a picture processing device (3) for generating a rotation control signal for rotating said electric pan and tilt head 
30 by a necessary amount of angle from said video signal inputted from said first camera; and 

wherein said second camera (17) is served to image said object entering into said monitoring area as 
automatically tracking said object in response to said rotation control signal. 

25. The system as claimed in claim 24. wherein said picture processing device is served to generate a zooming control 
35 signal for zooming said zoom lens by a given amount of from said video signal Inputted from said first camera, and 

said second camera is served to automatically trad< said object entering said monitoring area and image said 
object as automatically zooming said lens under the control of said picture processing device. 

26. The system as claimed in claim 25. wherein said picture processing device includes a data bus (12), a central 
40 processing unit (CPU), a program memory (10) for saving a program for operating said CPU. picture memories (51 , 

52), a working memory (9), and a pan and tilt head control unit (8). the latter five of which are connected witti said 
data bus, and 

wherein said CPU operates to generate a picture of said entering object from the video signal inputted from 
said first camera, save said picture In said picture memory, detect said entering object from sakJ picture, operate 
45 the data about said entering object, store the operated data in said working memory, and enable said pan and tilt 
head control unit to generate said rotation conti-ol signal and said zooming control signal based on said operated 
data. 

27. The system as claimed in claim 26, wherein the data operated tiirough tiie effect of the CPU and stored in said 
50 working memory contains a locational coordinate of said entering object. 

28. The system as claimed in claim 24. wherein said picture processing device includes a data bus (12). a CPU (6), a 
program memory (10) for saving a program for operating said CPU. picture memories (51 . 52). a working memory 
(9). and a pan and tilt head control unit (8). the latter five of which are connected with said data bus, and 

55 wherein said CPU operates to generate a picture of said entering object from the video signal inputted from 

said first camera, store the video signal in said picture memory, detect said entering object from said picture, oper- 
ate data about said intruded object, store said operated data in said working memory, and enable said pan and tilt 
head control unit to generate said rotation control signal based on said operated data. 
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29. The system as claimed in claim 28. wherein the data operated through the effect of the CPU and stored in said 
worigng memory contains a locational coordinate of said entering object. 

30. The system as claimed in claim 26, wherein said picture memory contains: 

an input picture memory (51) for storing the video signal inputted from said first camera: 

a background picture memory (52) for storing a background video signal used for detecting said entering 

object; 

two working memories (53, 54) for storing the input video signal and the background video signal used for 
doing an operation for detecting a difference between said background picture and said input picture; 
an inter-picture operating result picture memory (55) for storing the detected and operated difference between 
said background picture and the input picture; and 

a digital picture memory (56) for storing as a picture of said entering object a binary-coded video signal of said 
detected and operated difference between said background picture and said input picture. 

31 . The system as claimed in daim 28, wherein said picture memory contains: 

an input picture memory (51) for storing the video signal inputted from said first camera; 

a background picture memory (52) for storing a background video signal used for detecting said entering 

object; 

two working memories (53, 54) for storing the input video signal and the background video signal for carrying 
out an operation for detecting a difference between the background picture and the input picture; 
an inter-picture operation result picture memory (55) for storing the detected and operated difference between 
said background picture and said input picture; and 

a binary-coded picture memory (56) for storing as a picture of said entering object a binary-coded image signal 
of said detected and operated difference between said background picture and said input picture. 

32. An apparatus for tracking and monitoring an object, comprising: 

a camera (901); 

a picture input interface (902) for being inputted with a picture imaged by said camera; 

a picture memory (904) for storing a picture inputted from said picture input interface; 

a program memory (907) for storing a program for operating said apparatus; 

a CPU (906) for operating said apparatus according to said program stored in said program memory; 

a working memory (905) for analyzing the picture stored in said picture memory; 

alarm indicating means (910) for outputting at least sound, visible light, vibrations and generating a signal to 
be sensed by a human body or an assistant animal; 
a monitor (911); 

an output interface (908) for conveying a signal for enabling said alarm indicating means to output an alarm in 
response to an indication of said CPU con^esponding to the analyzed result of said working memory; a picture 
output interface (909) for sending a 

picture to be displayed on said monitor in response to an indication of said CPU corresponding to the analyzed 
result of said working memory; and 

a data bus (903) for connecting said components with each other. 
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